fontanelle, and prominent palpable ridging of the posterior sagittal and lambdoid sutures. The forehead was sloped, and the jaw severely hypoplastic. His neck was short and moderately stiff. The chest and abdomen were unremarkable. The extremities were markedly spastic, with bilateral hip dysplasia. Neurological examination revealed an awake infant, responsive to voice, and inconsistently tracking with his eyes. The patient's pupils were 3 mm and reactive; his eyes were conjugate with intact corneal reflexes. There was minimal but symmetrical movement of the face, and the gag reflex was present. Motor examination revealed limited spastic spontaneous movement of the extremities.
Initial diagnostic studies with lumbar puncture and panculture for infection were performed. The results of CSF cytology were normal; however, blood cultures revealed methicillin-resistant Staphylococcus aureus bacteremia, and he was treated with vancomycin. The patient was successfully weaned from the ventilator and extubated; however, after several days he again suffered an apneic episode with cyanosis and bradycardia and required reintubation. An MR image was obtained, which revealed the interval development of a Chiari I malformation. The cerebellar tonsils were noted to extend beyond the level of C-2, producing compression of the brainstem (Fig. 1 center) . There was no evidence of hydrocephalus. The patient was referred to the neurosurgery department at this time. A three-dimensional CT scan of the skull was obtained, which revealed a very small anterior fontanelle, as well as synostosis and prominent ridging of the posterior sagittal and lambdoid sutures ( Fig. 1 right) .
Operation and Postoperative Course. The patient underwent decompression of the Chiari malformation, and posterior cranial vault remodeling, with release of the posterior sagittal and lambdoid sutures. The Chiari decompression included widening of foramen magnum, laminectomies of C-1 and C-2, and duraplasty. The cerebellar tonsils were left intact.
Postoperatively, the patient developed methicillin-resistant S. aureus sepsis and acinetobacter pneumonia, which were treated with antibiotic agents. Extubation was accomplished on postoperative Day 5, and he was transferred to the ward, but after several days, again suffered an apnea spell requiring intubation. He subsequently underwent a tracheostomy, and although significant progress was made in weaning from the ventilator over the next several weeks, the patient died of complications of recurrent pneumonia and sepsis.
Discussion
Acquired Chiari I malformation is described in the literature as associated with a number of conditions. The most frequently reported cases are associated with chronic spinal CSF diversion procedures such as lumboperitoneal shunts.
3,7-9,12,18 There are also cases of ACM associated with spinal CSF leak, 2 traumatic or multiple lumbar punctures, 13 craniosynostosis and craniofacial malformation syndromes, 4, 16, 17 and ventriculoperitoneal shunting.
1,10
We performed a Medline search of the literature and were able to identify 22 cases of symptomatic ACM in which there was a documented neuroimaging study (ventriculogram, myelogram, CT, or MR imaging) showing the absence of ACM, followed by a second study demonstrating the interval development of ACM. These cases are outlined in Table 1 . 1, 3, 5, [7] [8] [9] 12, 13, 18 The interval between the initial study and the second study demonstrating ACM ranged from 11 days to 18.5 years. Cases involving immediate foramen magnum herniation were not included.
Our patient developed a severely symptomatic lesion during a 3-month period. He had obvious lambdoid and posterior sagittal synostosis, with no change in his head size in the first 3 months of life. We suspect that brain growth in the face of limited skull growth promoted tonsillar herniation through the foramen magnum. Although craniosynostosis is certain to have been a major factor in the development of this child's ACM, the lumbar puncture may have accelerated the process.
There is a growing body of information regarding ACM in association with a number of clinicopathological factors. The association with lumboperitoneal shunt placement is well described. Less well documented are other factors that may contribute to ACM, from severe craniofacial syndromes with hydrocephalus to apparently nontraumatic lumbar puncture. 8 Chronic intracranial hypotension, 2 intracranial hypertension, 16 cephalocranial disproportion, 7 and limitations in posterior fossa dimensions 4, 15, 16 have all been postulated to contribute to ACM formation. 
Conclusions
Chiari I malformation can be acquired in as little as 11 days. The most common factor associated with documented ACM is lumbar CSF diversion. Patients who develop symptoms suggestive of Chiari malformation should undergo MR imaging even in the face of a normal study in the recent past, particularly in the presence of lumbar CSF diversion or increased intracranial pressure.
